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POROUS CERAMIC MOLDED BODY FOR BONE REPLACEMENT AND METHOD FOR 
MANUFACTURING THEREOF 
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Filed on: January 7 , 1986 
Inventor: Shigetaka TAKAGI et. al. 
Applicant: Sumitomo Cement Co., Ltd. 
Patent Attorney: Akira AOKI et. al . 

SPECIFICATION 

1. TITLE OF THE INVENTION 

Porous Ceramic Molded Body for Bone Replacement and Method 
for Manufacturing Thereof 

2. WHAT IS CLAIMED IS; 

1. A porous ceramic molded body for bone replacement 
comprising a sintered porous body of a calcium phosphate 
compound, wherein many capillary voids extending in paths and 
having diameters in the range of 1 to 30jim and many spherical 
pores having pore sizes distributed in the range of 30 to 300^im 
are formed in the porous body, betweenness of the spherical 
pores and betweenness of the spherical pore and an external 



-1- 




space of the molded body are communicated with at least a part 
of the capillary void paths, and a porosity of the molded body 
is 0.5% or more and less than 40%. 

2. The molded body according to Claim 1 wherein the molded 
body has a bending strength of at least 150kgf/cm 2 . 

3. The molded body according to Claim 1 wherein an atomic 
ratio of calcium to phosphorus in the calcium phosphate 
compound sintered porous body is in the range of 1.60 to 1.70. 

4. The molded body according to Claim 1 wherein a content 
percentage of hydroxyapatite in the calcium phosphate compound 
sintered porous body is 99% or more. 

5. The molded body according to Claim 1 wherein pore sizes 
of the spherical pores have a normal distribution in at least 
a part in the range of 30 to 300)im. 

6. The molded body according to Claim 1 wherein the pore 
sizes of the spherical pores are distributed in the range of 
30 to 150^im. 

7. The molded body according to Claim 6 wherein a 
distribution of the pore sizes of the spherical pores is a 
normal distribution. 

8. The molded body according to Claim 1 wherein the pore 
sizes of the spherical pores are distributed in the range of 
150 to 300nm. 
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9. The molded body according to Claim 8 wherein a 
distribution of the pore sizes of the spherical pores is a 
normal distribution. 

10. The molded body according to Claim 1 wherein pores whose 
pore sizes are distributed in the range of 30 to 150|im and pores 
whose pore sizes are distributed in the range of 150 to 300|im 
are mixed. 

11. The molded body according to Claim 1 wherein the 
spherical pore is a perfect sphere. 

12. The molded body according to Claim 1 wherein a diameter 
of the capillary void path is in the range of 1 to 20|im. 

13. A method for manufacturing a porous ceramic molded body 
for bone replacement comprising the steps of: 

mixing calcium phosphate compound powder having an average 
particle size of 0 . 05 to 10|im and at 100 parts by weight, organic 
synthetic resin spherical particles having pore sizes 
distributed in the range of 50 to AOO^xm and at 2 to 70 parts 
by weight and organic fibers having lengths of 5mm or less, 
diameters in the range of 3 to 50|im and at 1 to 5 parts by weight; 

molding the resulting mixture into a desired shape and 
dimension; 

heating the resulting precursor molded body to a temperature 
at 200 to 800°C to thermally decompose and eliminate the organic 
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synthetic resin spherical particles and organic fibers or 
carbon fibers; and 

heating the resulting porous precursor molded body to a 
temperature at 800 to 1350°C to bake and constringe this at 
a volume shrinkage percentage of 10 to 40%, wherein 

a porosity of the resulting molded body is adjusted to a 
value of 0.5% or more and less than 40% throughout the 
respective steps. 

14. The method according to Claim 13 wherein the organic 
synthetic resin particle is made up of at least one selected 
f rom polymethyl methacrylate, polypropylene, polyethylene and 
polystyrene resins . 

15. The method according to Claim 13 wherein the organic 
fiber is made up of at least one selected from animal hair fibers, 
silk fibers, cellulose fibers and organic synthetic fibers. 
3. DETAILED DESCRIPTION OF THE INVENTION 

[Field of the Invention] 

The present invention relates to a porous ceramic molded 
body for bone replacement and a method for manufacturing 
thereof. More particularly, the invention relates to a porous 
ceramic molded body which is useful as a material for bone 
replacement to cover/repair bone defect portions, has high 
strength and is capable of shape working. 
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[Prior Arts] 

Calcium phosphate compounds, for example, hydroxyapatite 
and a solid solution thereof are favorable in affinity with 
a living body, and useful as materials for medical use, for 
example, replacement materials or prosthetic materials of 
bones or tooth roots. 

For example, in Japanese Unexamined Patent Publication No. 
Sho-56-166843, bone defect and gap fillers made up of a porous 
body of a calcium phosphate compound is disclosed. Pores 
included in this porous body of the calcium phosphate compound 
have a maximum pore size of 3.00mm and a minimum pore size of 
0.05mm, have a shape and dimension through which osteogenetic 
components of the living body easily enter, and form a three 
dimensional net structure which substantially communicates. 

However, in such a calcium phosphate porous body, it is 
difficult to regulate pore sizes, strength is weak and 
workability is inferior. Thus, it has been problematic as a 
bone replacement material for bone defect portions, 
particularly the defect having a complicated shape. 

Also, in Japanese Unexamined Patent Publication No. 
Sho-60-21763, a hydroxyapatite sintered body having 
continuous pores with sizes of 10 to lOOfim and bending strength 
of at least 100kg/cm 2 as an artificial bone material is 
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disclosed. The above artificial bone material has the 
continuous pores with sizes of 10 to lOOjim, but it is difficult 
to control the size of this pore. Thus, when bone cells 
infiltrate into this artificial bone material, the cells can 
infiltrate into only limited pores. Therefore, there is a 
problem in that it is difficult to regulate a replacing speed 
(turnover speed) of an artificial matter with living tissues. 

To meet the requirements as in the above, it is required 
for a bone replacement material inserted in vivo to have 
favorable affinity, particularly bioresponsibility with the 
living body, be able to give favorable residential space for 
activation of osteocytes and prevent evading cells from 
infiltrating. Also, it is desirable to be strong in strength, 
excellent in workability and be those capable of being 
processed in any shape. 
[Problem to be Solved by the Invention] 

A problem to be solved by the present invention is to further 
improve strength and workability required as 
covering/repairing materials of bone defect portions in a 
porous ceramic molded body for bone replacement which is 
effective for regeneration of bone tissue in vivo, that is, 
an induction of new bone. 

[Means for Solving Problems and Actions Thereof] 
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The porous ceramic molded body for bone replacement of the 
present invention is the molded body made up of a sintered 
porous body of a calcium phosphate compound and is 
characterized in that many capillary voids extending in paths 
and having diameters in the range of 1 to 30(im and many spherical 
pores having pore sizes distributed in the range of 30 to 300^im 
are formed jln the porous body, betweenness of the spherical 
pores and betweenness of the spherical pore and an external 
space of the molded body is communicated with at least a part 
of the capillary void paths, and a porosity of the molded body 
is 0.5% or more and less than 40%. 

Also, tlve method for manufacturing the porous ceramic molded 
body for bone replacement of the present invention comprising 
the steps of: 

mixing calcium phosphate compound powder having an average 
particle sizeof0.05to lOjim and at 100 parts by weight, organic 
synthetic resin spherical particles having pore sizes 
distributed in the range of 30 to 300(im and at 2 to 70 parts 
by weight and organic fibers having lengths of 5mm or less, 
diameters in the range of 3 to 50^im and at 1 to 5 parts by weight; 

molding the resulting mixture into a desired shape and 
dimension; 

heating the resulting precursor molded body to a temperature 
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at 200 to 800°C to thermally decompose and eliminate the organic 
synthetic resin spherical particles and organic fibers or 
carbon fibers; and 

heating the resulting porous precursor molded body to a 
temperature at 800 to 1350°C to bake and constringe this at 
a volume shrinkage percentage of 10 to 40%, and 
characterized in that a porosity of the resulting molded body 
is adjusted to a value of 0.5% or more and less than 40% 
throughout the respective steps. 

The porous ceramic molded body of the present invention is 
made up of the sintered porous body of the calcium phosphate 
compound . 

The calcium phosphate compound used in the present invention 
comprises 
CaHP0 4 
Ca 3 (P0 4 ) 2 
Ca 5 (P0 4 ) 3 OH 
Ca 4 0 (P0 4 ) 2 
Ca 10 (PO 4 ) 6 (OH) 2 
CaP 4 O n 
Ca(P0 3 ) 2 
Ca 2 P 2 0 7 

Ca(H 2 P0 4 ) 2 *H 2 0 
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as major ingredients, and includes a group of compounds 
termed hydroxyapatite . Hydroxyapatite comprises a compound 
having composition formulae Ca 5 (P0 4 ) 3 OH or Ca 10 (P0 4 ) 6 (OH) 2 as a 
basic ingredient, a part of Ca component may be substituted 
with one or more of Sr, Ba, Ma, Fe, Al, Y, La, Na, K, H and 
the like, a part of (P0 4 ) component may be substituted with 
one or more of V0 4 , B0 3 , S0 4 , C0 3 , Si0 4 and the like, and further 
a part of (OH) component may be substituted with one or more 
of F, CI, 0, C0 3 and the like. Hydroxyapatite may be a typical 
crystal body, or either an omission solid solution, a 
substitutional solid solution or an interstitial solid 
solution, or those including non-stoichiometric lattice 
defects . 

Generally in the calcium phosphate compound sintered porous 
body used for the present invention, it is preferred that an 
atomic ratio of calcium (Ca) to phosphorus (P) be in the range 
of 1 . 60 to 1 . 70, and it is preferable to contain hydroxyapatite 
at a content percentage of 99% or more. 

As the calcium phosphate compound used for the present 
invention, tricalcium phosphate [Ca 3 (P0 4 ) 2 ], hydroxyapatite 
[Ca 5 (P0 4 ) 3 OH] and Ca 10 (P0 4 ) 6 (OH) 2 are preferable, and 
particularly those synthesized by a sol-gel method and 
frozen/dried are preferable. Also, it is preferred that the 
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calcium phosphate compound sintered porous body be one sintered 
at a temperature of 800 to 1350°C, and it is preferred that 
this sintering temperature be in the range of 850 to 1200°C. 

In the porous ceramic molded body of the present invention, 
the calcium phosphate compound is sintered in a powder shape, 
and therefore, it is possible to have fine voids between powder 
particles contacted and sintered to one another. 

The porous ceramic molded body of the present invention may 
be one having an arbitrary shape and dimension, inside thereof, 
many capillary voids extending in paths and having sizes in 
the range of 1 to 30(im, preferably 1 to 20|im and many spherical 
pores having pore sizes distributed in the range of 30 to 300|am 
are formed, and betweenness of the spherical pores and 
betweenness of the spherical pore and an external space of the 
molded body are communicated with at least a part of many 
capillary void paths. 

It is preferred that a porosity of the porous ceramic molded 
body of the present invention be 0.5% or more and less than 
40%, and be in the range of 10 to 35%. 

The porous ceramic molded body of the present invention with 
a porosity less than 0 . 5% cannot provide sufficient residential 
space to cells contributing to new osteogenesis. Also, when 
the porosity is 40% or more, mechanical strength of the obtained 
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porous ceramic molded body is relatively low, bending strength 
becomes less than 150kg/cm 2 , and thus the workability is 
insufficient. Therefore, in the case where a complicated shape 
processing is required when embedded in vivo and a large force 
is given in a remodeling process of bone or in the case where 
it is used as a bone replacement at a site receiving a relatively 
large load, the mechanical strength falls short. 

The porous ceramic molded body of the present invention can 
have relatively high mechanical strength, for example, the 
bending strength of 150kgf/cm 2 or more based on the above 
relatively low porosity, and can be processed into various 
shapes or complicated shapes. 

In the porous ceramic molded body of the present invention, 
it is preferred that the spherical pores be separated from one 
another and have perfect spherical shapes or shapes close 
thereto, and it is preferable to uniformly distribute in the 
molded body. This spherical pore provides the residential space 
to biologically activate cells which contribute to bone repair 
when the porous ceramic molded body is embedded in vivo. That 
is, bone regeneration cells, bone phagocytes and the like 
contribute to new osteogenesis extremely like this pore, 
particularly the perfect spherical pore. For this, it is 
necessary that the pore sizes of the spherical pores are 
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distributed in the range of 30 to 300|im. It is preferred that 
this pore size distribution of the spherical pores be a normal 
distribution in the above range of 30 to 300|im. 

The pore sizes of the spherical pores may be distributed 
in the range of 30 to 1501am, and their distribution state may 
be the normal distribution. In this case, the mechanical 
strength of the obtained porous molded body is high. 

Also, the pore sizes of the spherical pores may be 
distributed in the range of 150 to 300(im, and their distribution 
state may be the normal distribution. In this case, new 
osteogenesis ability of the obtained porous molded body is 
high. 

Also, in the porous ceramic molded body of the present 
invention, the pores whose pore sizes are distributed in the 
range of 30 to 150(im and the pores whose pore sizes are 
distributed in the range of 150 to 300|im may be mixed. 

The pores out of the range of 30 to 300^m cannot provide 
favorable residential space to the cells which contribute to 
new osteogenesis. 

When the shape of the pore is a perfect sphere or the shape 
close thereto, the mechanical strength of the obtained porous 
material is high. Therefore, when this porous material is 
embedded in vivo, high mechanical strength is continuously 
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retained until it is turned over with new bone, and it is 
possible to prevent bone fracture during that. 

The capillary void paths in the porous molded body 
communicate betweenness of the spherical pores and betweenness 
of the spherical pore and the external space of the molded body, 
and by passing through this path, the bone regeneration cells 
which contribute to new osteogenesis, bone phagocytes, blood 
and body fluids can freely infiltrate in the porous molded body. 
The diameter of this capillary void path is in the range of 
1 to 30^im, preferably in the range of 1 to 20|am, and thus, it 
is possible to prevent components which are harmful for new 
osteogenesis, for example, collagen fibers from infiltrating 
in the capillary void paths, and prevent abnormal development 
of the collagen fibers. That is, in the porous molded body of 
the present invention, the capillary void path doubles a 
function as a biofilter. 

When a diameter of the above capillary void path is smaller 
than l^im, it becomes difficult that the cells and blood 
effective for new osteogenesis infiltrate in the porous molded 
body whereas when it is larger than 30jxm, osteoclasts and 
collagen fibers are allowed to infiltrate and develop in the 
porous molded body. Thus, the regeneration of bone is inhibited 
resulting in hardening of regenerated bone tissues and tissues 
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in the vicinity thereof. 

In the porous ceramic molded body of the present invention, 
the spherical pores are communicated with a part of many 
capillary void paths, thereby facilitating eating up of the 
porous body and turnover of living tissues. 

The porous ceramic molded body of the present invention can 
be easily and freely processed and molded into a shape dimension 
corresponding to a shape dimension of a defect or void portion 
to be revised and supplemented. 

When the porous ceramic molded body of the present invention 
is embedded in a bone defect portion in vivo as a bone 
replacement material, the blood, body fluids, bone phagocytes 
and bone regeneration cells are infiltrated through the 
capillary void paths, proliferate in the pores and the molded 
body is eaten up by the bone phagocytes. Simultaneously with 
it, the bone tissue is regenerated by the bone regeneration 
cells to perform so-called turnover. At that time, the 
capillary void paths which communicate the pores toward the 
external space of the porous body have diameters of 1 to 30|xm, 
and thus, it is difficult that the osteoclasts or the collagen 
fibers infiltrate in the capillary void paths of the porous 
body and it is possible to prevent abnormal development and 
hardening of the collagen fibers. Therefore, the regenerated 
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soft bone tissue is not destroyed or hardened by the collagen 
fibers . Accordingly, the porous ceramic material of the present 
invention induces new bone and is replaced with normal bone 
tissue grown in vivo. 

Also, the porous ceramic molded body of the present invention 
can be turned over with the normal bone tissue as in the above, 
can be processed into any shape and has sufficient mechanical 
strength. Such a porous ceramic molded body for bone 
replacement has been realized by the present invention for the 
first time. 

The above porous ceramic molded body for bone replacement 
can be manufactured by the method of the present invention. 

In a first step of the present invention, organic synthetic 
resin spherical particles having pore sizes in the range of 
50 to 400pim and at 2 to 70 parts by weight and organic fibers 
having lengths of 5mm or less and diameters in the range of 
3 to 50|im and at 1 to 5 parts by weight are mixed with calcium 
phosphate compound powder having an average particle size of 
0.05 to 10|im and at 100 parts by weight. 

The above organic synthetic resin spherical particles and 
organic fibers are for forming many spherical pores having pore 
sizes distributed in the range of 30 to 300|im and many capillary 
void paths having diameters in the range of 1 to 30^im, 
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respectively in a porous molded body obtained in the following 
step. 

The organic synthetic resin spherical particle may be a 
spherical body or a perfect sphere body having the pore size 
distributed in the range of 50 to 200|am, and in this case, a 
pore size distribution may be a normal distribution. 

Also, the organic synthetic resin spherical particles may 
be those having the pore sizes in the range of 200 to 4001am, 
and in this case, the pore size distribution may be the normal 
distribution. 

The above organic synthetic resin spherical (perfect 
sphere) particles may be a mixture of those having the pore 
sizes of 50 to 200^im and those having the pore sizes of 200 
to 400^im. In this case, the particles with small pore size (50 
to 200|im) are for forming the pores effective for imparting 
high strength to the bone replacement material and the 
particles with large pore size (200 to 400(im) are for forming 
the pores effective for enhancing forming ability of new bone 
in the bone replacement material. 

The organic synthetic resin spherical particles could be 
those which completely burn and are eliminated at temperatures 
of 200 to 800°C, and preferably comprise at least one selected 
from thermoplastic polymers such as polymethyl methacrylate, 
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polypropylene, polyethylene and polystyrene. The spherical 
(preferably perfect sphere) particles comprising such a 
polymer have considerable mechanical strength, do not deform 
or pulverize in a mixing step or a molding step, and therefore 
it is possible to form the spherical (preferably perfect 
sphere) pores with a desired shape in the following 
heating/baking step. 

The organic fiber could be one having the length of 5mm or 
less, preferably l\xm to 4mm and the diameter of 3 to 50|am, 
preferably 5 to 40|am, which is completely burned and eliminated 
at 200 to 800°C, and is at least one selected from animal hair 
fibers, silk fibers, cellulose fibers and organic synthetic 
fibers (for example, polyester fibers, polyolefin fibers) . 

The organic fibers are burned out in the following heating 
and baking steps, form many capillary void paths in the molded 
body, and it is possible to form communicating paths between 
the spherical pores, between the spherical pores and the molded 
body, and between the spherical pores and the external space. 

The calcium phosphate compound powder supplied to the first 
(mixing) step is one synthesized by the known method as in the 
above, and particularly, the powder synthesized by the sol gel 
method, formed by a freezing/drying method and having particle 
sizes of 0.05 to 10|im is preferable. Crystals in this powder 
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may be either needle-like or branch-like. As this calcium 
phosphate compound powder, one comprising 99% or more 
hydroxyapatite is preferable. 

In the above mixing step, by the use of volatile lower 
aliphatic alcohol such as methanol and ethanol as a lubricant, 
it is possible to not only easily obtain a uniform mixture but 
also prevent aggregation of the calcium phosphate compound 
powder and make adhesion of the calcium phosphate compound 
powder to the organic synthetic resin particles and the organic 
fibers favorable. A use amount of the lubricant is not limited, 
but generally, it is used at an amount of 150 to 250% based 
on a total amount of the calcium phosphate compound powder, 
the organic synthetic resin particles and the organic fibers. 

In the second step in the method of the present invention, 
the above mixture is molded into the desired shape and dimension. 
This molding method is not particularly limited, and it is 
possible to use a typical press molding, a single axis press 
molding, a CIP method and the like. 

If desired, the obtained precursor molded body may be 
retained at room temperature all day and night to gradually 
dry and prevent cracks of the molded body. 

The precursor molded body obtained in the second (molding) 
step is heated at 200 to 800°C, preferably 300 to 500°C in the 
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next third step. In this third (heating) step, the precursor 
molded body is slowly heated preferably at a temperature rising 
rate of 2 to 5°C/min to the desired temperature in the range 
of 200 to 800°C, and the heating at this desired temperature 
is continued for example for 2 to 3 hours until the organic 
synthetic resin particles and the organic fibers are completely 
degraded thermally and burned out . In this third (heating) step, 
the spherical pores corresponding to the organic synthetic 
resin particles -and the capillary void paths corresponding to 
the organic fibers are formed. Gas produced by the above thermal 
decomposition and burning is escaped through the formed 
spherical pores and capillary void paths to the outside of the 
molded body. 

In the fourth step in the method of the present invention, 
the porous precursor molded body obtained in the above third 
(heating) step is baked at a temperature of 800 to 1350°C, 
preferably 900 to 1200°C for 1 to 3 hours to sinter the calcium 
phosphate compound powder. In this fourth (baking) step, the 
porous precursor molded body shrinks by 10 to 4 0% in volume 
compared to the above molded body. Thus, the pore sizes of the 
spherical pores formed from the organic synthetic resin 
particles and the diameters of the capillary void paths formed 
from the organic fibers shrink to fall in the ranges of 30 to 
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300^m and 1 to 30|im, respectively. 

In the method of the present invention, throughout 
manipulations in the first to fourth steps, a manipulation 
condition in each step is regulated such that the porosity of 
the resulting molded body is in the range of 0.5% or more and 
less than 40%. 

The porous ceramic molded body obtained by the above method 
of the present invention generally has a bending strength of 
150kgf/cm 2 or more, and thus, it is possible to process into 
an arbitrary shape and dimension. Therefore, this molded body 
can be processed into a bone replacement with desired shape 
and dimension in accordance with the shape and dimension of 
a bone defect portion in a patient. 
[Preferred Embodiment] 

Further description will be given of the present invention 
according to the following Examples. 

Example I 

A phosphoric acid solution was dripped in calcium hydroxide 
slurry to synthesize hydroxyapatite at an atomic ratio of 
calcium to phosphorus of 1.68, and this was frozen and dried 
to yield hydroxyapatite powder with particle sizes of 0.6 to 
8nm. To lOOg of this hydroxyapatite powder, 40g of polymethyl 
methacrylate resin particles having a normal distribution of 
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particle sizes in the range of 50 to 200|im and 5g of 
polypropylene fibers (length 1mm, diameter 5 to 10|om) were 
mixed, 300cc of ethanol was added to this mixture, which was 
repeatedly stirred with warming by a high speed stirrer to make 
a water content in the mixture 5% or less. Next, this mixture 
was molded by a single axis press molding method to obtain a 
rectangular solid molded body with a dimension of 50mm * 50mm 
x 20mm. This molded body was dried in a room all day and night, 
subsequently, heated up to 400°C at a temperature rising rate 
of 2°C/min, heated at this temperature for 3 hours, and then 
heated at 1100°C in air for 3 hours to sinter the molded body. 
The obtained porous molded body had a porosity of 38%. When 
its sectional face was observed by a scanning electron 
microscope, the molded body had many perfect sphere pores 
having pore sizes in the range of 30 to 150jim and many capillary 
void paths having diameters in the range of 2 to 15|im, and 
betweenness of the pores and the external space and betweenness 
of the pores were communicated with the capillary void paths. 

When a rectangular solid at a dimension of 4mm * 3mm * 36mm 
was cut out from the above porous molded body, and the bending 
strength was measured by a three point bending test, a high 
value of 180kgf/cm 2 was shown. 

Example 2 
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The same manipulations as those in Example 1 were carried 
out. However, 15g of polymethyl methacrylate particles with 
particle sizes of 50 to 20011m, 15g of polymethyl methacrylate 
with particle sizes of 200 to 400(im and 5g of the same 
polypropylene as that described in Example 1 were mixed to lOOg 
of hydroxyapatite, further 300ml of ethanol was mixed thereto 
and kneaded, subsequently a mixture was molded by a CIP method, 
the molded matter was gradually heated up to 350°C, and then 
further sintered at 1200°C for 3 hours. 

The obtained sintered porous molded body exhibited the 
porosity of 25% and the bending strength of 260kgf/cm 2 . Also, 
as with Example 1, the perfect sphere pores having the pore 
sizes distributed in the range of 30 to 300^im and the capillary 
void paths having the diameters of 2 to 15^m were observed. 

Example 3 

A rectangular solid of 3 x 2 x 12mm 3 was cut out from each 
porous body obtained in Examples 1 and 2, and this was filled 
in a bone defect portion of 3mm x 12mm artificially made in 
diaphysis of tubular bone of femur in a Beagle dog. After 26 
weeks, the femur was removed and grossly observed. A surface 
of the embedded specimen was clearly covered with new bone and 
periosteum. When non-decalcified specimens were made and 
observed by an optical microscope, development of the new bone 
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in the perfect sphere pores was observed and no border with 
the femur was determined. 

Abnormal development of collagen fibers and abnormal 
protrusion or hardening of the tissue due to the embedding of 
the above bone replacement were not observed at all. 

Example 4 

The porous molded body obtained in each Example 1 and 2 was 
processed into the shape and the dimension shown in Fig. 1 and 
Fig. 2 using a lathe and a drill. The molded body could be 
smoothly processed without fracturing during this processing. 
[Effects of the Invention] 

In the porous ceramic molded body for bone replacement of 
the present invention, the calcium phosphate compound sintered 
body which produces it is excellent in affinity with the living 
body, many spherical (preferably perfect sphere) pores formed 
therein provide curvature radius for osteocyte activation, 
that is, residential space for recognizing and activating the 
osteocytes in bone repair, and the capillary void paths therein 
play a function as the biofilter, accept cells for new 
osteogenesis, and inhibit the infiltration of components to 
be avoided thereby facilitating activation of new osteogenesis 
at a cellular level. By the above functions, the porous molded 
body of the invention can have favorable affinity with the 
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living body and facilitate the new osteogenesis, that is, 
turnover of the bone. 

Furthermore, the porous molded body of the present invention 
has high strength which has not been obtained in conventional 
bone replacements, and even when it is embedded in the bone 
defect portion, the shape and strength thereof can be retained 
until the completion of bone turnover. Also, the porous molded 
body of the invention can withstand various mechanical and 
physical workings and be processed into an arbitrary shape and 
dimension based on the high strength. 

The porous ceramic molded body for bone replacement of the 
present invention has high strength which has been difficult 
to accomplish, can be processed into any shapes, and is useful 
as the bone replacement material for covering and repairing 
a bone defect portion, particularly a bone defect portion after 
partially removing autologous bone, a bone defect portion after 
abnormal bone cell extraction due to bone tumor, a bone defect 
portion due to complex fracture or a bone defect portion due 
to other reasons. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 and Fig. 2 each show a shape of a bone replacement 
processed and molded from the porous molded body of the present 
invention. A unit in dimensions in the drawings is mm. 
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FIG.1 




